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SECTION  I 


INTRODUCT I  ON 


1.1  OBJECTIVES 

Tlie  ob'ieclivt's  ot  I  h  i [Ui.'.i:  ■ 

I'lediale-,  and  late-lii’ia  dr  t  on. u  I  on  n'nfi.i  ■ 

and  II  (mb  I  and  I  I )  Sei  i  r  ■  IIS  I  fir  :  r  I .  :  ,  ■  . 
and  to  analy.’t'  and  co''ji.)rr  '  h.  ,  • 

Ihr  srfirs  and  oilin'  ;  rin' 
quralions.  Thr  MISERS  l-'L  '' I"  ’ 

t  i  on  s  ha  V  i  in;  ■, f  i  I  t  n  r  n.  I  i,  .  1 1  .  •  ■  •  i  .  .  <  o  i  ,  ■  •  '  ,  '  ■  ■ 

t  hi.'  (I  round  .  i  .  r  .  .  hr  i  . '  ■  t  -  ■  ■ '  ■  r  ■  :  '  '  |i  '  .  T  ‘  ,  r,  i  :  ■  '  •  ‘  • 

ob  I  a  I  nr  d  on  1 6  i  I  I  i  ;  )  ■  ,  <  . .  v,  r  i  n  ;  j  :  I  ,  ;  .r  r  0  '  ; 

t  ri.ii'i  i  i  r s  t  -  I  i  (jh t  to  3'’TT  -r '  .  'll  ■*  .  '  . 

Th.,'  i'hi  ■  I  oi'!i.>  t  r  I  c  r-  suits  .in,!  I  hr  drtonation  diaqnostics  t  ro' 
thr  MB  I  and  II  Srrirs  h.ivr  airr.id.  lu'rn  nri.'si,'nt  rd  p  rrv  i  ous  I in  the 
Proceed  i  nr’s  of  the  MISE.RS  BLUFF  Svipos  i  ijri .  (Ref.  1) 

In  addition,  the  cooplelc  t'hotonrai^h  i  c  documentation  of  MISERS 

f 

BLUFF  I  and  II  Series  is  presented  in  AFWL-TR- 79"  1  ^9  report  I'jhose  table 
ot  contents  and  list  of  illustrations  are  (iresented  in  the  Appendix 
Section  of  this  report.  (Ref.  2).  For  the  readers  edification  the 
Appendix  Section  also  contains  a  plan  view  of  the  MISERS  BLUFF  II  cloud 
ca-iera  layout,  Fii]ure  lA,  vjhich  confomis  to  Fiqure  l6  in  this  reiiort. 

No  on-site  'oiml  direct  ions  were  obtained  durinci  these  events. 

1.2  BACKGROUND 

The  Denver  Research  Institute  f  DR  I  )  pa  r  t  i  c  i  (la  t  ed  in  the  Pre 


ErtisCl:-ui»»o  1  bJi.AiUiiK“NOi' 
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DICE  THROW  I  and  II  (PDT  I  and  II)  Series  which  were  the  charge  devel¬ 
opment  portion  of  the  effort  and  the  forerunner  of  the  628-ton  AN/FO 
detonation  of  the  DICE  THROW  (DT)  Events  (Refs.  3,  ^  and  5).  Prior  to 
these  series,  DRI  took  part  in  the  events  of  DISTANT  PLAIN,  MINE  SHAFT 
and  MIDDLE  GUST  Series  and  the  PRAIRIE  FLAT,  MIXED  COMPANY  and  Pre-MINE 
THROW  IV  Events  from  which  similar  photographic  records  were  obtained. 
These  large  events  afforded  the  opportunity  to  assimilate  information 
at  expanded  spatial  and  times  scales  of  10  [1/2  ton,  kilogram  (kg)], 

34  [20  ton  (18,144  kg)],  58  [100  ton  (90,718  kg)]  and  100  [500  ton 
(453.592  kg)]  times  the  scale  from  a  1-pound  detonation. 

The  MB  I  phase  was  a  cratering  series  of  eight  events  that  were 
conducted  to  provide  the  initial  input  for  the  development  of  a  multi¬ 
ple  ground  motion  and  shock  environment  predictive  mode).  The  instan¬ 
taneous  energy  sources  for  these  events  were  center  initiate<l  spherical 
charges  composed  of  cast  trinitrotoluene  (TNT),  mainly  welqhing  1000- 
pounds.  The  total  explosive  weight  per  event  ranged  front  256  to  24,000 
pounds  (116  to  10,900  k(i)  (Ref.  6). 

The  MB  II  phase  was  a  cratering  series  of  two  events,  second 
of  which  utilized  a  charge  con f i  (lura t i on  which  was  based  upon  the  re¬ 
sults  obtained  frosi  the  multiple  detonations  of  MB  I  (Ref.  7)-  The  in¬ 
stantaneous  energy  sources  for  these  events  were  seven-point  initialed, 
hc'-  i  sphe  r  ica  I -ended  cylinders  (NEC)  constructed  of  individual  bags  of 
AN/FO  weighing  50  ptjunds  (22.6  kg)  each  (Ref.  1).  The  total  explosive 
weictht  per  evttnt  ranejed  from  11/  to  707  tons  (106,000  to  641,000  kg). 


Table  1  presents  a  list  of  charge  parameters  relating  to  the  MB  I  and 
II  Series.  The  weights  are  given  in  kilograms. 

Figures  1,  2  and  3  show  charge  construction  and  configurations 
for  certain  events  in  MB  I  and  II. 
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FIGURE  2  CHARGE  CONFIGURATION  FOR  MBtl-1  EVENT,  118-TON  AN/FO 
hemispherical  -  ENDED  CYLINDER 


I  I 


FIGURE  3.  CHARGE  ARRAY  FOR  MBC-2  EVENT.  S.X  118-TON 
AN/FO  hemispherical- ENDED  CYLINDERS. 


SECTION  I  I 


PROCEDURE 

2.  1  EXPERIMENTAL  SETUP 

The  MISERS  BLUFF  Lest  series  wLis  comprised  of  two  (ihascs  . 

Phase  I  was  conducted  at  the  White  Sands  Missile  Rancjc  (WSMR),  New 
Mexico  and  consisted  of  ti  craierintj  scries  of  eiqht  events.  Three  out 
of  the  eiqht  events  (4,  6  and  8)  were  multi()l<.>  detonations  made  up  of 
hexacptnal  airays  (Events  k  and  6)  and  a  24  unit  array  constructed  fif 
seven  hexacional  sections  (Event  8).  The  charges  were'  in  cither  tan¬ 
gent,  ha  I  f-  or  full-buried  conf  i(|ura  I  i  ons  .  The  <u'oioqy  for  Phase  I 
ettnsisted  ot  a  level  ar^a  that  had  a  7"  to  S-foot  (ft),  2.12-  to  2.44- 
mi.‘tei'(ri)  di.'e(5  ivater  tal)le,  v;ith  little  iir  no  caliche  present.  Baseil 
upon  extensive  aunei  di'Illimi,  a  test  bod  of  ih.e  rettuired  sire  '.-.'as 
selected  on  1  lie  O.ueen  1  h  site  of  the  WSMR  facility  (Ref.  3)- 

Phase  II  '..as  conducted  at  Planet  Ranch  in  Arirona  and  consisie.l 
ot  ti/o  evi’nts.  The  first  event  was  ,i  single  liy-ton  (106,000  kg)  AN/fO 
I  le  t  ona  t  i  ot7 ;  ivlureas,  the  second  event  was  made  u(i  of  a  he.v.igonal  array 
Ilf  /O/  tons  (641,000  fit)  of  AN/FO.  The  li".t  bed  .-.■as  in  a  rel.it  ivelv 
diy  liver  h.isin  wtiose  geology  consists  m,i  i  n  1  v  of  dej'osited  sand  and 
liiavrl  with  a  w.lli'r  table,  at  the  time  ot  the  exi'e  r  i  rn-n  t  s  ,  gener.illv 
helo'j  the  preilictr’d  crater  depth  (Ref.  9).  Figures  4  and  4  present 
pi. in  vie.,s  of  the  riulti('le  .irr.lys  .ind  rel.it  ive  positions  of  the  close- 
in  c.imer.is  i  n  MR  I  ,ind  I  I  Series. 

2. 2  INSTRUMENTATION  AND  FIELD  OPFRATION 

The  h.v,  i  c  Ir'chnical  photographic  cover. ige  ol  the  det  'nation 
plu'nnnen.i  f  I'oi  (lie  MISERS  BLIlFE  Ph.tses  I  and  II  v/ere  made  from  iiround 
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FIGURE  4.  PLAN  VIEW  OF  THE  MISERS  BLUFF  I  SITE  LAYOUT 


6  I 

o  o 


SGZ  1  SGZ2 


FIGURE  5.  PLAN  VIEW  OF  THE  MISERS  BLUFF  n  SITE  LAYOUT 
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level  and  aerial  stations.  The  ground  level  stations  varied  in  number 
and  position  frorn  event  to  event  depending  upon  whether  the  detonations 
were  singular  or  multiple.  The  altitude  of  the  aerial  station,  which 
recorded  only  the  multiple  bursts  in  MB  I  phase  and  both  of  the  bursts 
in  MB  M  phase,  changed  with  the  variations  in  the  strength  of  the 
detonat i ons . 

2.2.1  Instrumentation  and  Field  Operation  for  MB  I 

The  technical  photography  for  the  events  of  MB  I  was  furnished 
by  DRI,  WSMR  and  the  Williamson  Aircraft  Company  (WAC).  DRI  provided 
the  technical  supervision  for  the  photographic  effort  in  addition  to 
supplying  high-speed  cameras  [26,000  frames  per  second  (fr/s)],  photo¬ 
electric  (photometric)  devices  and  electronic  recording  equipment. 

WSMR  provided  high-speed  photography  from  ground  stations  at 
framing  rates  up  to  5000  fr/s  to  record  fireball  development  and  inter¬ 
action,  surface  surge,  shockwave  propogation,  and  cloud  development  and 
rise.  The  aerial  coverage  of  the  multiple  detonations  before,  during 
and  after  the  events  was  performed  by  WAC  using  high-speed,  stereo-'-  and 
still  cameras . 

Most  of  the  ground-level  cameras  for  the  singular  and  multiple 
bursts  for  MB  I  v-jere  located  at  one  main  camera  station  situated  approx¬ 
imately  south  of  surface  ground  zero  (SGZ)  at  distances  which  ranged 
from  about  500  ft  ( 1 52m)  to  lAOO  ft  (427m).  The  cloud  development  and 
rise  for  all  the  events  were  photographed  from  two  remote  ground  sta¬ 
tions  located  at  about  6,000  ft  {l829m)  to  9.000  ft  (2743m)  from  SGZ  at 

Camera,  film  and  support  supplied  by  U.S.  Geological  Survey, 

Flagstaff,  Arizona,  courtesy  D.J.  Roddy. 
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an  angle  of  about  70  deqroe-s  (70")  from  each  other.  The  multiple  events 
were  photographically  and  photometrically  covered  by  OR (  from  three 
ground  stations  for  MISERS  BLUFF  I,  Events  k  and  6  (MB  1-4  and  MB  1-6) 
and  from  five  other  locations  for  MISERS  BLUFF  I,  Event  8  (MB  1-8). 
Tables  2  through  9  present  a  list  of  ground  surface  cameras  used  during 
the  MB  I  Events.  Table  10  lists  aerial  cameras  employed  during  the 
multiple  events  of  MB  I. 

In  the  listings  presented  in  Tables  2  through  9,  the  remote 
stationed  70n)ni  Photosonic  lOR  cameras,  used  to  document  the  cloud,  were 
actually  located  closer  to  the  north  and  west  than  as  indicated  to  the 
northwest  and  southwest  of  SGZ,  respectively.  Station  position  names  of 
northwest  and  soutliwest  will  be  used  throughout  this  report  in  order  not 
to  confuse  already  published  information  on  these  camera  coverages. 

The  lens  values  in  these  tables  are  given  in  millimeters  (mm) 
and  i  Ik' i r  apertures  in  f-stop  numbers.  The  nominal  framing  rates  are 
(M'e'.ented  in  frames  per  second  (fr/s).  The  Hycan  and  Nova  framing  rates 
ramied  fro's  about  4500  to  5500  fr/s.  Their  exposure  times  in  seconds 
(s)  were  equal  to  [ ( 1 / 2 . 5) x ( f r /s ) ] s .  The  Photosonic  lOA  framing  rate 
was  20  fr/s  with  an  exposure  of  (l/360C)s,  i.e.,  2  degree  (2")  shutter. 
Tfie  Ptuilosonic  lOR  fr<)n)in(|  rate  was  6  fr/s  with  an  exposure  of  (I/IO8O) 

,,  i.e.,  2  shutter.  The  ground  station  DB  Milliken  cameras  \-Jcrc  oper- 

•  ited  .It  400  or  300  fr/s  vjith  shutter  settings  of  36"  which  gave  expo- 
.iire  tirs’s  of  {l/3600)s  and  (l/3000)s,  respec  i  i  ve  1  y .  The  Dynafax 
ra'"er.i'.  g.tve  ex(iosures  of  less  than  1  microsecond  (ps)  at  26,000  fr/s. 

The  .yeri.il  DB  Milliken  cameras  were  operatet'  ivith  different 
i  openings  tlepenilinq  oti  t hi'  cameras  framing  rates  and  the  films 
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DR  I  Hyccin 

Wraticn  12  Filter  for  this  and  all  succeeding  events 

Los  t ,  No  2  Shutter  position  existed 

No  t racking,  cloud  coverage  limited  to  2  nin 


TABLE  3-  Camera  Coverage  For  MBI-2,  dt/]F>/ll 


DR  I  Hycan,  Lost  record,  Camera  jammed 

Horizontal  tracking  5  "li n .  ,  total  recording  the  same  for  this  and  all  succeeding  events 


TABLE  4.  Camera  Coverage  For  MBl-3,  8/23/77  Distance 


Main  Carrera  Station  Rotated  clockwise  30°  for  this  and  all  succeeding  events 
DR  I  Car'era,  all  succeeding  events  used  WSMR  Hycam 
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Ih.it  vict'v  Lisi'cl.  The  F.isliix  cnniora  exposure  wos  ec]Uol  to  x 


(fr/s')]s.  All  canietMs  recorhocl  on  1 6111111  formats  excejH  for  the  Photo- 
■^on  i  c  cOi'ierns  oliich  recorded  on  7O111111  fonnols. 

The  films  utilixeil  hv  the  cnmer.is  listed  in  these  t.ihles  ivcre 
22AI,  Ektnchroiiie  EF  (EF);  IE  469,  EF  t  uc  h  roine  IR  (  I  R)  ;  7?36,  Ektnchroiiie 
MS  (MS’);  2476,  Linailinph  Shellhurst  (SB)  ond  2445.  Aerocolor  Necintive 
(Aerol  .  The  Nikon  cei'ier,T  employed  E  k  t  och  rorie  64  (EK  64)  1  i  1  m . 

2.2.2  1  n-^t  iLii'ientnt  ion  nnd  Field  Operation  F  roi'i  MB  II 

The  technical  pf'ot 0(| ra(ihv  for  the  livo  events  c'f  MR  11  v;as  fur- 
nistied  hv  OKI  ,  WAC .  <ind  tiSGS.  DRI  providei)  thi'  ijround  K'vel  coveraqe 
\;h i 1 e  WAC  and  USGS  provided  aerial  coveraqe.  Besides  the  technical 
pho  t  oa  r  a  ()h\  .  DRI  scpiilied  tost-hed  nhotocnaphy  ot  militarv  hardvjaro  and 
structures  tor  hoth  events.  These  canieras  vjere  siluateil  in  the  100  to 
2  pounds  iier  squ.ire  inch  (psi),  68*^  to  13-7  kiloiiascals  (kPa)  pressure 
reuion.  TahU's  11.  12  .ind  13  present  a  list  of  caiiiei-as  employed  durinq 

t  he  MB  I  I  even  t  s  , 

Most  ol  the  lenses'  s  i  ,o's  ,ind  aperaiure  seltinus  and  caiSieras  ' 
frar-inu  rates  and  exuosuri-  tiru's  1  islet!  in  T.ihK's  11,  12  and  I3  are 

sirilar  to  those  prusenteil  in  the  (iri-vlous  tables  tor  llie  MR  I  Events. 

Th,’  on  I  V  differences  are  in  the  t voe  of  cameras  utilised  durinu  the  MR 
I  I  Events.  The  Fastax  camera  trar  inu  rate  ramied  from  4SnO  to  SSOO 
vj  i  t  ti  an  t'xposure  t  i '■■■e  ot  l(l/?.5)  x  (tr/s'ls.  Tlie  Hulcht'r  camt'ras  had 
yO's'i  formats  and  .-.eie  oper.ited  .it  an  exposure  time  ot  {lf288n)s,  Ttie 
Loca  utilised  a  36  stiu  t  t  e  r  se  t  t  i  nps  ,1  s  tl  i  d  ,1  I  1  t  tie  DB  M  i  1  I  i  ken  s  ope  r  - 

atinu  ,il  400  Ir/s.  Tin-  DB  Milliken-,  oper.itina  at  250  tr's  e'''|ilo\ed  an 

1  3  -dm  t  t  e  r  se  t  t  i  ne,  . 
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table  12.  Camera  Coverage  for  MBll-2,  B/30/7^^ 
Distance  from  Main  Ciimera  Station  33B9  Ft  (102AM) 


Slut  ion 

Camera 

Lens 

Aperture 

Framing  Rate 

M<1  i  n 

Hycam 

25 

8.0 

5000 

Mq  i  n 

f  a  s  t  a  X 

too 

3.6 

5000 

Mq  i  n 

pTstax 

100 

3.6 

6000 

Mq  '  o 

F  as  tax 

too 

3.5 

5000 

Mti  i  fi 

F  a  s  t  a  X 

too 

3.6 

6000 

Mq  i  n 

Locam 

10 

5.6 

too 

Mq  1  n 

06  Mill ikrn 

16 

5.6 

Ano 

M,j  i  n 

Hu  1  Cher 

150 

'<.5 

20 

Mq  i  n 

Hu  1 che  r 

2A0 

6.6 

20 

Mq  i  n 

Hu  1 L  her 

2A0 

5.6 

20 

Mq  i  n 

H  u  1  c  he  r 

2A0 

5.6 

20 

Mq  i  n 

Hu  I che  r 

?A0 

6.6 

20 

M-Z' 

F  a  s  t  a  X 

26 

2.3 
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M-2' 

F  a  s  t  a  X 

36 

2.0 
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12.5 
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6.6 

20 

6B  ’ 
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75 

6.6 

20 

CC’ 

Hul cher 

160 
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20 

AA 

Dy  na  f d  X 
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32.0 
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Be 
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26000 

cc 

Oynat'ax’ 

too 

32.0 

26000 

AA 

DB  Mi  1 1  i ken 

12.6 

A.n 

260 

BB 
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12.5 

6.6 
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CC 
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60 
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1 1.0 
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1/2.5  X  (  f  r /s  )  s  ,  Ln  t  c  I  r  i  r;r|c r  MB  I  I  -  1  ;  Lo  t  o  ,  Into  1 1  i  gru' r  MB  M 


SECTION  III 

RESULTS  AND  DISCUSSION 


The  data  presented  in  this  report  are  based  on  information  ob¬ 
tained  from  photographic  and  some  photometric  records.  The  output  para¬ 
meters  associated  with  the  MB  I  and  II  Series  are  presented  in  the 
following  paragraphs  in  a  sequence  which  was  indicative  of  the  detona¬ 
tion  process,  I.e.,  f rotii  initiation  to  cloud  development  and  rise  in¬ 
dependent  of  the  charge  diagnostics  data  already  presented  in  the 
previously  mentioned  report  (Ref.  1). 

3.1  PHOTOMETRIC  CHARACTERIZATION  OF  THE  MB  11-2,  CHARGE  5 

COMPOSITION 

Since  the  presentation  of  the  detonation  diagnostics  from 
MISERS  BLUFF  I  and  II  Series,  there  has  been  some  recent  data  generated 
based  on  the  AN/FO  cotnpos  i  t  ion  ivhich  may  have  had  a  direct  effect  upon 
the  blastwave  output  charac ter  i  s t  i  c s ,  The  fundamental  reason  for 
analyzing  the  AN/FO  comi''Os  i  t  ions  i/as  that  thei'e  were  apfiarent  oroblc's 
assoclati-d  \/ith  thi.'  MB  II  AN/FO  detonations  (Ref.  1 1  .  /h'ch  can  be 
\,holly  or  iiartlalK  attributi’d  to  t  ne  ubarcs'  loi'ixis  i  ;  loti  when  cir-gvi  I'ed 
to  the  detonation  cha  ras  t  er  I  s  t  1  c  s  t  ro"  PDT  11-2  anp  I/'',  Ptio  t  o'-'e  I  r  i  c 
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consisted  of  spherical  TNT  detonations  no  analysis  were  made  on  the 
charges  other  than  their  initiation  times  which  were  covered  in  the 
diagnostics  report.  (Ref.  1). 

Two  of  the  most  outstanding  physical  differences  between  the 
AN/FO  Events  of  DICE  THROW  and  MISERS  BLUFF  were  in  the  average  FO  per¬ 
centage  and  the  percentage  of  AN  particle-size  distribution.  The  MB  II 
AN  pa r t i c 1 c-s i ze  distribution  was  skev/ed  toward  the  fine  particles 
(Refs.  1 0  and  11).  An  increase  in  fine  particles  will  i nc rease  the  total 
pa r t  i  c 1 e-sur f ace  areas  for  a  fixed  weight  of  explosive.  Since  an  opti¬ 
mum  FO  coating  is  required,  nominally  6  percent,  No.  2  diesel  fuel,  an 
increase  in  AN  surface  areas  is  expected  to  cause  an  increase  in  the 
total  requirement  of  fuel  oil  in  order  to  maintain  an  optimum  surface 
coating.  In  reality,  the  MB  II  charges  not  only  were  high  in  f i ne  AN 
particles  but  1  ov;  in  FO . 

If  the  AN/FO  composition  is  considered  to  be  similar  to  that  in 
a  concrete  mix,  where  the  fineness  cf  the  aggregates  is  controlled  with¬ 
in  liiiiits  f(,)r  a  specific  strength  of  concrete  desired  so  that  each  par¬ 
ticle  is  coated  with  the  cohesive  material  (cement  and  water)  in  a  spec¬ 
ified  amount,  a  fineness  modulus  (FM)  can  be  incorporated  in  a  similar 
manner  to  an  AN/FO  mixture. 

In  concrete  mixtures  (Ref.  12),  a  measure  of  acceptable  surface 
areas  of  the  aggregate  (sand,  gravel  and  stone)  is  made  by  using  a  fine¬ 
ness  modulus  (FM)  number  which  is  based  on  sieve  size  numbers  (see  Table 
I A  from  Ref.  12).  As  example,  the  sand  FM  of  3.70  was  obtained  by  add¬ 
ing  the  retaineti  percentage  (,'>-)  of  a  sieve  to  the  succeeding  sieves  and 
dividing  by  100,  i.e..  No.  A,  20  percent;  No.  8,  15  (>ercent;  No.  16,  20 
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Nolicc  the  .miount  of  ">urface  area  contribution  by  the  high 
number  sieve  (small  openinqs)  foi'  the  MB  11-2,  chg .  5,  as  compared  to 
the  POT  11-2  and  DT  AN/FO  ciiarges. 

The  presented  area  factor  ( At"  1  bash’d  on  assui'ied  sphei'ical  or 
cubical  (jeoi'iet  r  i  es  and  on  jir  rc-ant  aae  retained  (excludinq  pan)  is,  as  it 
should  be,  very  nearly  inversely  profior t  i ona  1  to  tbi'  FM.  The  AF  nuri- 
bers  were  obtained  by  addina  the  numbers  di'i'ived  by  r'u  1  t  i  1  y  i  nq  the 
sieve  number  by  the  retained  percentaqe  and  dividing  by  100.  Table  ’.7 
presents  the  AN  and  AF  ratios  numbers  based  on  Messrs,  Sv.isdak  and 
Peckham's  AN/FO  data. 


TABLE  i/.  AN  and  AF  Ratios  for  POT  11-2,  DT  and  MB  11-2,  Charge  5 


Even  t 

FM 

Fm  Ratio' 

AF 

AF  Ratio' 

POT  1  1-2 

5.57 

1.21 

1.29 

DT 

_ 

5.66 

i.23 

1  . 29 

MB  1 1-2,  chq.  5 

—  — .  -  ,  —  1 

It. 62 

1  .00 

1  .60 

1  .00 

■Fm  Ratios:  (PDT  I1-2)/(MB  M-2,  chq.  5)  and  (OTl/t'MR  11-2,  Chq.  5) 
■'AF  Ratios:  (MB  11-2,  chg.  5)/(PDT  ll-2i  and  iMB  li-?.  ci'g.  5)/(DT^ 


Note  that  comparison  of  MB  M-.?,  cfiq.  s  to  POT  11-2  and  DT  in- 


dicate  a  2A  to  29 

percent  (27  averatje'  increa-i 

t  n  :m  f 

.fT'*  •  - 

i  q  I'fM  f  nr 

the  MB  M -2 ,  chg  . 

5.  Note  how  close  Itie  FM  .it-.j 

‘vf  '-.Hi' 

’ '  k  ‘  ' 

:m  ft'-  1  n 

vo 1 ue . 

Based  ttn  Messrs.  Swisdak  and  Peckliai  ,  tfu-  e.s  ra  rr  ...ilyi...  foi' 

the  above  events  are  as  follovjs; 

PDT  I  1-2  b.O  ^  0.1. 

DT  6.  I  r  ■■'.  A 

MB  1  1-2,  chq.  b  b.  3  ♦  I  .." 
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If  a  consideration  of  0.7  percent  FO  reduction  for  MB  11-2, 
chq.  5  based  on  an  ideal  amount  of  6  percent  [(0.7/6)100  =  11.7)] 

coupled  with  an  average  increase  of  27  percent  in  AN  area,  (over  the 
average)  indicated  for  POT  11-2  and  DT.  wf)u  I  d  (iresont  a  major  AN  sur¬ 
face  coating  problem.  This  condition  could  have  been  accentuated 
further  in  certain  regions  ot  the  AN/FO  charge  for  MB  11-2,  ch(i.  5  if 
t  lie  deviation  of  -1.2  percent  was  considered  [(O./  +  1.2)(100')/6  = 

31.7  ]  coupled  with  the  27  iiercent  increase  in  AN  .trea  which  could  have 
produced  verv  little  or  no  FO  coating  of  the  AN  prills  in  the  'iajor 
poi'tions  of  the  MB  11-2,  chareje  p. 

Photoqraphic  and  photometric  results  obtained  by  DR  I,  Ref.  1. 
indicate  that  the  average  fireball  surface  color  tempei'a  t  u  re  of  MB  11-2, 
chf|.  5  was  only  5570”K  whereas  the  DT  charcic  gave  an  average  fireball 
surface  color  temperature  of  7030  K.  If  the  (vs i ss i v i t y  of  the  two 
tharcies  were  considered  to  be  the  same,  then,  by  the  S  tef  an- Bo  1  t  zman 
law  where:  the  peak  intensity  output  of  the  source  varies  as  the  fourth 
power  of  their  t  em|)c  ra  t  u  ri's ,  their  ratio  would  give  a  value  ol  2.S^ 
which  is  only  39  percent  of  the  DT  (leak  intensity.  Actually,  the  MB 
11-2,  dig.  3  (iroduced  a  hi()her  intensity  than  the  average  of  all  six 
charges  in  MB  11-2  whose  l<ital  peak  oul|iut  ivas  only  12  percent  of  the 
exiiected  value  b.istnl  on  DT  .ind  PDT  I  I-2  scaled  value-.  (Ref.  I  )  . 

Ri’cently  DR  I  developed  a  procedure  of  phase  relating  two  (iholo- 
etric  signals  obtained  from  <i  number  of  evtnts.  One  is  based  on 
brnadfiand  unit  light  radiation  (ULR)  signal  and  the  I'ther  on  narrowband 
IILR  signal  .  The  sensors  for  the  two  ULR  devices  were  of  the  sa-'e 
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''1,1 1  e  I' i  <1  I  ,  except  Itial  one  r'eceived  ell  the  color  ladiation  it  was 
ca['iat)le  of  sensing  and  the  othef  received  only  na/Tow-hand  radl,)l  ion 
in  the  I'ed  region  (peak  at  72S  mi).  The  I'L'sults  !  ror  1oui  diftei'ent 
chaimiL-s  u-^inq  ptiase  in.' 1  a  t  I  onsh  i  ps  (lis^ajous  patterns)  are  nresi'nled 
in  Fiqui't.'  6.  The  utilization  of  ULR  sianals  t'ei’ioves  t  (k-  effect  of  t  lie 
device  dlst,inces  and  the  i-llecl  of  qeoi-etric  exnanslon  of  t  lie  charnes. 
i.e.,  sfihr'rical  versus  cy  I  i  nilr  i  ca  I  . 

TIk'  '-’aior  differences  in  the  I'atteri'-.  ■'  i  r-  i  ;  n  t  s  )  o,,-  Imifi 

AN/FO  d>,' tona  t  i  ons  can  he  atlributr'd  to  t'l"  'i''-:  ■  s  in  ;  >  , . 

s  i  t  i  on  of  /\N  prill  pa  r  t  i  c  I  e  -  s  f  ze  .)  i t  r  i  :■■,/ 1  i  ■  c’  pi  .  ■  ,  rc, -n  t  ,n;e  s  .  T'e 

dl  ’teri.'nce  in  the  3-;iound  Fentolite  (fiP  ;'r'rci.nt  I’lT’J  .-nd  qO  Percent 
TfJT  '  and  lOO-ton  TNT  patterns  can  he  a'trif-uted  te  ;  fie  f'-eit,  r  e;<  ,  :en 

!  I  a  n,.  e  in  (’  en  l  c  1 1  i  f  .  It  i  -  f.  ncs-.n  t  i'a  t  TNT  fia  s  uc  *'  '  w  e  ,  ■  '  ;  e  r  -  '  s,.-  s 

■■  1  r  IC  t  r  i  S  I  i  L  s  than  Pen  t  O  I  i  l  e  .  This  e  ■  I  ei.  !  hi  1  ;  r  '  ‘n  t  '■  !  '  a  !  •  t  '  t  "e 

1  Seel  rise  in  t  h-..’  red-n.md  and  lorieH-r  ^  on  t  r  1  r  u  t  A  t'  a  •  t  e  r  i  r  i ,  T*' i 

1 1  ;  e  r  -  :  HI  r  n  c  ha  r,ic  t  r'  i'  i  .  t  i  e  can  lie  the  i.  a  a . '  '  ‘  •  ,  za,.  ,  i  '  I  m :  e  r  p  i  I  n  t 

h’l-  till’  TflT  and  Hii  II-?.  sliaisae  ■  ’Jo;,  ;•  o  s'  p  •  sp-  :  •■■ntsdit, 

ha';e  s  1  ■  i  I  a  r  s  1  ana  1  u  re  -  . 

3.?  COMPARIhON  OF  nN/rd  rOMPpsiTI'N  ■  M  a  . 

■■  u  r  :  Is  r  1  o'  p.  os  1  t  i  on  ,i  na  I  s  i  ■.  .-.v- ;  e  as  ■  ■  ■  -  ■  .  ,  ;  ••  N  '  i  ? 

'1  •  IIS’.  In  ‘-iB  II  e  '.'e'  I  t  hoi  i  a  h  t  i  n  ae  r  p  r  i  n  t  I  r  ;  a  a  t  a  .e  ■  s  e  "  ‘  o  a  ■  1  a  :  !  i 
'  r  (  r  ;  , P  a  I  ,e  ■  o  '  a  t  e  I  o"  :>a  T'  i  -.on  .  to.  ■  ■  i  ■  .s  1 1  r  •  ■  ea  ■  a  i  ,  ■  - 

■  ■ ! '  ;  ■■  a  S'  o  ‘  ‘  a  I  )  the  AN  /  f  i)  s  fia  i  '  S'  .  ,  at,  i ;  :  e  '  '  ..  a '.  ah  to 
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.AS 


FIGURE  6  fingerprints  FROM  A  NUMBER  OF  DIFFERENT  TYPES  OF  HIGH  EXPLOSIVES 


TABLE  19-  EM  Tnliulntion  lor  MB  I  1-1  otul  -2  Cluinios 


TABLE  20.  Assi(|iH:cl  Position  Numbers  to  Difterenl 
ParomeliTs  From  The  MB- I  I  Evt’ols 
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S  i  He  L’ 

t  hr 
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1 1)1 

the 

et  le 
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each  parariet 
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on  CL  , 

,  the  other 

CE  values 

may 

!ia  ve 

f>t‘l 

■n  off 

ec  te 

■ci 

hV  a 

C  h, 

anije 

in  lit 

■oltup,  as 

oell  as  1, 

F M  ,intl  FO  . 

1  he  I 

'e  v/e 

If  i 

nil  i  (.  a  1  i  ons 

I  roi'i 

( >n 

site 

t|eol 

(‘)()V 

1  lia  ( 
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t  hi' 
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■lies 

‘  f  f'o:' 

1  t  he 
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lL‘'> 

1  and 

6,  llie  no  I't' 

qeo 1 oq  i  c  a 

1 .1  vi-'  r  i  n<i  t  he  re  v;.r, . 


Pre  1  i i  n,i  ry  il.it.i  t  ro' '  Bei'.son  .  K.  el  al,  MISERS  BLUFF,  Phase  11, 

MISERS  BLUFF  Sv -|„.s  i  ir  i ,  M.na  h 

3.3  StlRl  mCI  -SIIFtGl  SHOCKWAVE  SI  PARAT  I  ON  DAE  A 

The  aetie  r,i  1  i  I  <n  et  ,1  s-ioirth  a.'ul  DM  i  t  or  1 1  V -e  xpand  i  III  1  .hoil.  trout 
in  ,ill  (liios  tlon  .  ai.a'.  I  ro  S(',/  .iloiui  the  air-sertaee  inlerl.ue  i  ois 


III  the  lost  i  ;  HI  I  1  . 1 11 1  I  ea  I  a  r  e  .  ■  a  .  i  1 1 1  ■  pi  e  x'e  1  os  i  ve  (ML)  he  I  on  a  t  i  on  . 


The  PDT  and  DT  AN/FO  Events  indicated  that  the  shockwave  from  the  HEC 


charges  separated  much  sooner  than  an  equivalent  TNT  spherical  charge 
placed  tangent  to  the  surface. 

The  results  from  MB  I  1-1  and  MB  11-2,  chg.  5  indicated  slightly 
longer  separation  times  and  distances  than  did  the  DT  Event.  See 
Table  21 . 


TABLE  21.  Times  and  Distances  Where  The  Main 
Shockwave  Separated  F rotn  The  Surface-Surge 
F i reba 1 1  Expans i on 


Event 

T  i  me 
(ms) 

D  i  5  tance 
(m)  (ft) 

MB  1  1-  I 

22.2 

56.  1 

184 

MB  11-2,  ch<] .  5 

28.7 

68.2 

224 

dt‘ 

20.4 

53.3 

175 

Sc.)  I  ed-df)i/n  nvcroqc  of  six  readings 


3.4  SURFACE-SURGE  FIREBALL  ANOMALIES 

Surface-surge  anomalies  were  |)ho tographed  during  the  MB  I  1-1, 
from  l)Oth  aerial  and  surface  cameras.  Figure  7  shows  two  anomalies 
fro'i  MB  ll-l  as  photographed  with  an  .lerial  camera.  The  multiple  deto- 
n.itions  of  MB  11-2  did  not  seem  to  t^roduce  obvious  anomalies  on  the 
outer  (U'rimeter  of  the  array  as  can  be  seen  in  the  photographic  sequence 
recorded  above  the  event  shown  in  Figure  8.  Since  fireball  anomalies 
are  generally  [ihotoqraphed  rather  late  in  the  fireball  expansion  phase, 
anomalies  may  hav('  existed  in  between  tlu'  charges  for  the  MB  11-2 
Event  hut  were  interactt'd  before  they  cmi  i d  be  formed  outside  their 
a  i  ri  fifidiall  I'.vpan  .  ion, .  As  result  on  1  v  tin’  ano'salies  from  MB  ll-l 
Event  are  :'ire  sen  t  i-d  i  r’  the  repor't. 
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THRU-.I5S. 


Table  22  indicates  that  there  vyei'e  tour  rnajt)r  anomalies  from 
MB  11-1  and  that  their  initial  exf.ans  i  on-,  .vere  near  those  observed 
from  the  DT  Event. 

TABLE  22.  Times,  Directiotis  ,ind  Di'.lances  where  the 
Shockwave  Passed  the  Su  r  t'.ice- Su  ri)e  /\nomalies 


Event 

T  i  me 
(ms) 

D  i  rec  t  i  or; 
(decirees ) 

Dis 

(m) 

t  ance 
(ft) 

Hei 

(m) 

gh  t 

(ft) 

MB  11-1 

120'- 

123 

133 

hy, 

12.2 

39.9 

MB  1  1-  1 

98- 

289- 

120 

393 

1.1 

25.2 

MB  1  1-1 

100 

226- 

102 

336 

- 

- 

MB  1  1-1 

150- 

351- 

126 

512 

- 

- 

DT  ■ 

107 

329 

138 

553 

5.9 

19.2 

DT 

102 

34A 

135 

55) 

6.2 

20.5 

DT  ■  ’  ■ 

- 

208 

1+1  ' 

(+,'  ■ 

- 

- 

Ground  level  Fastax  Cameras  (  L800  ri/,j;  i  1 'ne  and 
s[iatial  resolution  (jood. 

Overhead  Hulcher  Camera  (  20  fr/s);  cd'f-axis  view,  angular 
resolution  c|ood ,  spatial  ri'solulion  (|ood,  lime  resolution  poor. 

Sea  1  ed-doivn  data  to  MB  I  1-1. 

Went  out  of  vies;  of  camera. 

3.5  DYNAMIC  EJECTA 

The  MB  I  Events  <ienerally  produced  'lore  dynamic  ejecta  which 
travi'lled  bt'yond  the  1  i  reha  I  I  s  ur  f  ac  e- su  r<ie  imviion  than  did  MB  II 
Events.  The  ''u  i  n  reason  for  the  difli'rence  was  due  to  the  crater  re- 
l.ite<l  fieolouies  between  the  tw(j  lest  sites.  The  0.ueen  15  ti.'st  site  liad 
ueh  riore  cohesive  soil  with  a  watei'  table  tusir  the  test  surface; 
..h'US'a,,  the  MtCorack  P.aiu  h  sit'-  had  denosiled  sand  and  gravel  witli 
little  (_  otie  .  i  ve  Ml  ,  s  ,ind  low  water  I  ,  ili  I  e  . 


As  expected  the  half-buried  detonations  of  MB  I  Series  produced 
much  more  dynamic  ejecta  than  the  surface  tangent  detonations.  Sec 
Figures  9  ond  10.  Figure  11  presents  a  sequence  from  MB  11  Series. 

Note  that  there  were  no  obvious  ejecta  throwout  beyond  the  fireball 
debr  i  s  . 

3.6  CLOUD  DATA 

Cloud  jneasurements  were  made  on  a  number  of  the  photographic 
sequences  from  MB  I  and  II  Events.  The  data  are  based  on  measurements 
made  Iron)  only  one  camera  aspect  and  with  a  fixed  scale  (preshot, 
referenced  in  SGZ),  i.e.,  no  adjustments  were  made  for  photographic 
scale  changes  during  trackinc). 

3.6.1  Cloud  Hei(;h!  and  Diameter  Data  from  MB  I  Events 

Thi’  clouil  height  versus  time  plots  from  the  single  and  multiple 
events  of  MB  I  are  presentr'd  in  Figures  12  and  13  respectively;  vjhereas, 
the  diameter  versus  Lime  (ilots  from  the  single  and  multiple  events  of 
MB  I  are  i^resented  in  Fii;ur(.'s  lA  and  15  res|)cc  t  i  ve  1  y .  These  data  were 
o))l,)Ined  from  the  photographic  records  made  at  the  southwest  camera 
station  since  this  station  did  obtain  records  vjith  the  least  change  in 
scale  dui.'  to  the  cloud  drift.  See  Figure  16.  Table  23  presents  the 
<listances  from  the  two  70mm  recording  cameras  during  MB  1  series. 

In  (loneral,  the  plots  indicate  that  the  full-  and  half-buried 
.ingle  eh.irges  produce  clouds  that  rose  faster  and  higher  than  the 
clouds  produced  by  the  sa’se  weight  of  charge  (ilaccd  tangent  to  an  eejui- 
valent  surface.  See  Ficiures  17  and  l8.  Thcri'  appears  to  be,  for  some 


FIGURE  9,  DYNAMIC  EJECTA  SEOUENCE  FROM  MBl-1  €>  20FR/S.  1000  L8.  SPHERE, 

half  buried 


FIGURE  9  (CONTINUED) 


NUED) 


URE  II  DYNAMIC  EJECTA  SEQUENCE  FROM  MBn-2  @  22.4  FP/S 


FIGURE  II  (  CONTINUED) 


.  (CONTINUED) 
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TIME  Ist":  jndi ) 

FIGURE  12.  CLOUD  HEIGHT  vs  TIME  FROM  ’dlSER*"  btUFF  I  SINGLE  EVENTS,  SOUTHWEST  CAMERA,  FIXED  SCALE 
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FIGURE  13  CLOUD  HEIGHT  .«  TIME  MISERS  BLUFF  I  MULTIPLE  EVENTS.  SOUTHWEST  CAMERA,  FIXED  SCALE. 
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FIGURE  16  SGZs  AND  WIND  DIRECTIONS  FOR  MBl  EVENTS 
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FIGURE  17  CLOUD  SEQUENCE  FROM  M BI - 3,  SOUTHWEST  CAMERA 
^  5.93  FR/S.  half  BURIED. 
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FIGURE  (7  <  CONTINUED) 
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FIGURE  18  (  CONTINUED) 
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unex()  1 ,1  i  n.ib  K‘  roiison,  o  d  i  I  K‘ r  t'ncf  in  cli)uti  height  nnd  rise  between 
MB  I-1  end  “3,  whicii  wei'i-  sui'pnsedly  equivalent  experiments. 

MR  1-7  cliHid,  '.vhicli  ivas  proiluced  by  a  256-pound  TNT  s[ihere,  rose, 
,,is  expeeted,  s  Kna-r  ,ind  lower  than  the  clouds  produced  by  lai'qer  charges 
in  ;  he  e  poiilion  relativi-  to  I  hi'  sai:ie  surlace  (|eolo(|y. 

The  c  1  eud  diar-.eter  vei'sus  time  I  roiii  sini|le  detonations  appear  to 
'.,11'.  in  ii'.vet'.e  to  t  he  i  I  hi'iqhls,  i.e.,  (treater  in  diameter  lo'wer  thi' 
he  i  ;h.t  it  ,11V.  s-pecitic  t  i  I'ie .  (Ri-l.  13)-  In  other  words,  surface  tan- 
'lent  (above'  detonation,  tiroduce  ure.iter  dia'’iet('r  clouds  after  a  short 
t'eriod  of  ti"’i'  tlvm  equivali-nt  charges  that  are  partially  liuried.  Under 
tiiie  Condition,  it  is  su  r  lU' i  s  i  iKi  th.at  MB  1-1  .ilso  (iroduced  a  smaller 
ifia’ieter  cloud  than  MB  1-3  I'ven  t  tioiuih  it  had  a  lower  height  of  rise 
liian  the  I'quiv.ilenl  MB  1-3- 

Thi'  :iulti(>le  1‘vents  .ipjiear  to  have  produced  clotid',  that  rose 
conlrarv  to  their  situile  chariie  coun  t  e  rtia  r  t  s  '..(licfi  had  the  relativi' 
sa-'o  iio-.it  ion  of  tile  cluiriii'  i  t  h  rest'ect  to  t  tie  surface  ueolop',',  i.e., 
tia  1  f  -  !iu  r  i  ed  or  tan<ii'nt  afn've.  Thi'  surface- t.itMcnt  ,  hexagon, il  ,)rr,r.  of 
MB  1-4  (iroduced  .i  cloud  that  rose  t.ister  .ind  hiutier  tlvm  ttv'  fia  i  * - 

tniried,  fiexaiiona  I  arr.iy  of  MB  1-6.  Part  ol  this  effect  r.  ti.ive  ‘ 

due  to  the  difference  in  spacintis  bi'tween  the  ch.itsu's  i  i'  the  .e",,! 

a  I'  l  ay . 

S  u  I' (1  r  i  s  i  nu  1  y  ,  the  s  u  r  f  ace- t  .ingen  t  ,  mu  1  t  i  li  1  e -tiex.i  i"",!  !  oi  i. 
of  MR  |-,8  (iroduced  <i  cloud  th.it  did  not  ri'.e  rui  ti  taster  m  ( .1 
ler  .itr.v.  id’  MR  1-4  ,ind  it  did  not  even  .itl.iin  tfi.-  '.,i  e  I'i  ;;  ,■  • 

Tfii'  MB  l-S  r  1  oijil  ri'.e  r..iv  h.lve  been  ti.V'iie  red  h\  .in  i  ti'.  .  i  ,  i  ,  Ir.e-  i' 
.ipi'rox  i  "i.)  t  e  1  V  30^0  '1  (Bl4  ml. 
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As  expected,  the  MB  1-8,  2^-charge  array  did  produce  a  maximum 
cloud  diameter  which  was  much  greater  than  those  produced  by  either  one 
of  the  smaller  arrays  of  MB  1-^4  or  -6.  In  addition,  all  multiple 
events  did  produce  much  faster  cloud  rise  and  greater  cloud  heights 
and  diameters  than  anyone  of  the  single  charge  detonations.  Compare 
Figure  l8  with  Figure  19- 

3.6.2  Cloud  Heii]ht  and  Diameter  Data  from  MB  II  Events 

The  cloud  height  versus  time  and  cloud  diameter  versus  time  for 
MB  II  Events  are  presented  in  Figures  20  and  21  respectively.  After  a 
period  of  time,  the  multiple  detonation  of  MB  11-2  produced  a  much 
faster  cIolhI  rise  and  attained  a  much  greater  cloud  height  than  the 
cloud  from  the  single  detonation  of  MB  I  1-1.  Similar  effects  are  noted 
in  the  cloud  diameter.  Figure  22  presents  a  sequence  from  MB  11-2. 
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Figure  20  cloud  height  »•  time  from  misers  Bluff  n  events,  fixed  scrle 
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FIGURE  22.  ClOUO  SEQUENCE  FROM  MBH-Z,  NORTH  CAMERA <©  !  FR/S 
6-II8T0NS  HEC  CHARGES. 
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FIGURE  22  (CONTINUED) 
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FIGURE  22.(CONTINUEO) 
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FIGURE  22. (CONTINUED) 
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FIGURE  22  (CONTINUED) 
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SECTION  IV 


CONCLUSIONS  AND  RECOMMENDATIONS 

The  photoii raph i c  coverage  for  the  MB  I  Series  appeared  lo  be 
more  than  adequate  for  the  detonation  parameters  desired.  The  photo¬ 
graphic  coverage  of  the  clouds  during  MB  II  Events  was  limited  by 
caniera  failures  and  '.vind  conditions. 

For  1000-|K)und,  spherical  detonations,  distances  of  9000  ft 
(27^3  ri)  f  roia  SGZ  lo  the  ri'corJing  /O'lm  cameras  appears  to  be  adequate 
to  photociraph  cli^ud  devi.’ lotv  ien  i  and  rise  for  a  period  of  300  s  through 
a  lOOi'Ds  lens.  An  annular  separation  rif  90  to  120  degrees  d(5wn  wind  of 
SGZ  would  appear  to  be  ideal  for  future  coverage.  Prevailing  wind 
direction  should  be  taken  into  account. 

From  the  ('holograph i c  results  of  MB  11  Events,  where  charges  of 
120  tons  '.-.'ere  detonated,  it  api'cars  that  distances  of  over  25,000  ft 
(7620  m)  v.'ould  1)1'  idea)  f<'r  0-  300  s  coverage  if  camera  stations  \';ere 
located  down  .vind  I'f  SGZ  and  at  <ang)es  of  90  to  120  degrees. 

The  MB  11  data  presented  on  the  effects  of  AN/FO  particle  size 
and  fuel -oil  percentage  indicate  that  ch.irge  coripos  i  t  i  on  has  a  ht'aring 
mt'  the  nxp  I  o  s  i '.'e-oii  t  rut  as  was  verifle;!  hv  nh<  ■  t  ■  s)  rash  i  c  and  pho  i  o-e  I  r  i  c 
da  t  a  . 
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APPENDIX 


The  Appendix  contains  the  tahio  of  contents  and  list  of 
lions  from  AFWL-TR- 79"  1^9  on  t-Ne  "Photoqrdph  i  c  Documcn  t  a  t  i  on 
BLUFF  I  and  II  Series",  June  1979-  In  addition,  a  fitjure  on 
view  ot  three  cloud  camera  stations  for  MISERS  BLUFF  II  Event 
sent  ed . 
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FIGURE  1 A  PLAN  VIEW  OF  THE  RELATIVE  POSITIONS  OF  THE  MISERS  BLUFF  I  CLOUD 
CAMERA  STATIONS. 
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ATTN:  JLT,  W.  Carpenter 

Undersecretary  of  Oef  for  Rsch  &  Enqrg 
Department  of  Defense 

ATTN:  Strategic  &  Space  Systems  (OS) 

DEPARTMENT  OF  THE  ARMY 

i.MD  Advanced  Technology  Center 
Deparfent  of  the  Army 

AT'''(.'  ATC-i.  M.  Capps 

;iMi!  .>/stems  Lciimand 
[irpartnie'it  of  the  Army 

AT"',:  BMD-.C-H„.  R.  Dekalb 

Depart’''ent  't  the  Arnr-y 
A'T',:  :,AiN 

:Mrt/  Diamond  Laboratories 
:'roar*n:pnt  of  tne  Art::, 

A'T'j;  DLLHD-'i-r 

A" IN;  rtD-Na-P.  J.  Meszaros 

''r'':f'nt  Manani'r  Lainf  f-tsl  Sys 
A 'IN:  DRCPM-l.fT 


OEPAJTffiNT j;fjrHE_  AJIMV  (Conti nu_e_d ) 

U.S.  Army  Armament  Rsch  Dev  &  Cmd 
ATTN;  DRDAR-LCN 
ATTN:  DRDAR-LCS-V,  Mr.  Ravotto 

U.S.  Army  Armor  Center 
ATTN:  ATZK-XMl 

U.S.  Army  Ballistic  Research  Lab' 

ATTN:  DRDAR-BLV,  W.  Schumc;  ,  Jr 

ATTN:  DRDAR-BLE,  G.  Teel 

ATTN:  DRDAR-BLT,  N.  Ethridge 

ATTN:  DRDAR-BLT,  J.  Keefer 

U.S,  Army  Electronics  R&D  Conmand 
ATTN:  DRDEL-SA,  R.  Freiberg 

U.S.  Army  Engr  Waterways  Exper  Station 
ATTN:  WESSE,  L.  Ingram 
ATTN:  WESSD,  J.  Jackson 
ATTN:  WESGH,  P.  Hadala 
ATTN:  WESGH,  Mr.  Gatz 
ATTN:  WESSA,  W.  Flathau 
ATTN:  WE5SS,  J.  Ballard 
ATTN:  WESGH,  Hr.  Cooper 

U.S.  Army  Fj  Msl  Sys  Eval  Gp 

ATTN:  AT5S-TSM-C,  Col  Toepel 
ATTN:  ATSF-CD 

ATTN:  ATSF-CTD-EW 

U.S.  Army  Human  Engineering  Lab 

ATTN:  DRXHE-TS,  Dr.  Garinther 

U.S.  Army  Mat  Cmd  Proj  Mngr  for  Nuc  Munitions 
ATTN:  DRCPM-NUC 

U.S.  Army  Material  Dev  8  Readiness  Cmd 
ATTN:  Mr.  Zimpa 

U.S.  Army  Material  Sys  Analysis  Actvy 


ATTN: 

DRXSY-R 

ATTN: 

DRXSY-RW,  Mr.  Barnhart 

ATTN: 

DRXSY-GA 

ATTN: 

ORXSV-RE 

U.S.  Army  Nuclear  8  Chemical  Agency 


ATTN; 

MONA-MS 

ATTN: 

ETC  McCall 

ATTN: 

ETC  Woodward 

ATTN: 

MONA-WE 

U.S,  Army  Operational  Test  8  Eval  Agy 


ATTN: 

C5TE-ST0-B 

ATTN: 

CSTE-TM-AR 

ATTN: 

CSTE-TM-FA,  ETC  Catlett 

ATTN: 

CSTE-POD 

Army  Tank  Automotive  R8D  Command 

ATTN: 

DRDTA-JA 

ATTN: 

DRXHE-TK/HL 
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DEPARTMENT  OF  THt  ARMY  (Continued) 

U.s.  Army  Test  and  Evaluation  Coiiid 
ATTN:  DRSTE-CM-F,  Mr  Buck 
ATTN:  DRSTE-CM-F,  R.  Galasso 
ATTN:  DRSTE-CM-R 
ATTN:  DRSTE-SG-H 

U.S.  Army  Trainimj  and  Oortrine  Comd 
ATTN:  ATCD-TM 
ATTN:  ATCD-PM 

kialter  Reed  Army  Institute  of  Rsth 
ATTN:  Col  Alstatt 

Rhite  Sands  Missile  Ramie 
Department  of  the  Army 

AITN:  STEwS-l'T-AM 

ATTN:  STE^S-Ft,  D.  Green 

ATTN:  STEWS-TL-AN 

ATTN:  STEn'S-TE-LG 

ATTN:  sTEWS-TE-LD 

ATTN:  sTEWS-TE-MG,  Mr.  Dysart 

‘M-l  Tank  System 
Department  of  the  Army 

ATTN:  DRCPM-GCM-sr 

DEPARTMENT  OF  THE  NAVY 

Marine  Corps  [k'v  S  Edueation  Coinnand 
Department  of  the  Navy 

ATTN:  Fire  Power  Division 

Naval  Re.earcii  Latioratorv 
ATTN:  Code  UAOA 

Naval  surface  Weapons  Center 
white  Oak  LaPoratorv 

ATTN:  M.  swisdak 
ATTN:  U.  Downs 

N.;val  weapons  Evaluation  Faoilitv 
ATTN:  Code  7;.',  R.  Tillery 
AITN:  Code  ,'71,  R.  rriedheru 

DEPARIMENT  OF  TilE  AIR  fORCL 

Air  force  Geophysics  Latioratorv 
ATTN:  Mr.  Ossimj 

Air  Force  School  of  Aerospace  Medicint' 
ATTN:  Pickerimi 

Air  loi'ct*  We.Tpcnis  Laboratoi'v 
Air  Frirce  S/Sterm  (Simriand 
ATTN:  Dr.  Rinehart 
ATTN:  NTFS,  h.  lilinpelli 
ATTN:  NT[i,  R,  Jollev 
ATTN:  NILS,  J,  Itiomas 
ATTN:  NTI..!,  J.  Heinke 
ATTN:  NTEs-C,  R.  Uenny 
AT!N:  NT 
ATTN:  SSL 

ATTN:  NTFS,  Lt  Cul  Ganon'l 

Air  University  Lihrjry 
department  of  tfie  Air  lorct' 

AITN:  AUL-l.SL 


DEPARTMENT  OF  THE  AIR  FORCE  (Continued) 

Ballistic  Missile  Office 
Air  force  Systems  Command 

ATTN;  MNNH,  Maj  Edwards 
ATTN;  MNNXH,  D.  Gage 

Strateyic  Air  Coiiiiiand 
Oepartment  of  the  Air  Forte 
ATTN;  XPFS,  Capt  Cook 

vela  Sei sinological  Center 
Department  of  the  Air  Force 
ATTN;  G.  Ullrich 

lOiSth  Technical  Operations  Group 
De|iartmerit  of  the  Air  Forte 
ATTN;  SSyt  Dourrieu 

llbtith  Technical  Operations  Sg 
Oepartment  of  the  Air  Force 
ATTN:  Maj  Higgins 

OTilER  GOVERNMENT  AGENCIES 

:i,-;..ii'tis,.iit  of  the  Interior 
U.s.  Geological  Survey 
ATTN:  D.  Roddy 

Department  of  the  interior 
U.S.  Geological  Survey 
Albuguergue  Seismoloqi cal  Center 
ATTN:  Mr.  Murdock 

Federal  Emergency  Management  Agency 
National  Sec  Ofc  Mitigation  ,N  Rsch 

ATTN:  Deputy  Director,  U.  Nocita 
ATTN:  Mr.  Bettge 

department  of  l.NERGY  CONTRyNCTORS 

Los  AP.imos  National  Scientific  Lab 
ATTN:  M,' Sti .1,'.' ,  T.  Dowler 

Dak  Ridge  National  Laboratory 
Nuclear  Oivisuin 

ATTN;  Civ  Def  Res  Proj,  Mr.  kearnv 

Nandi. I  National  Lab 

ATTN:  11.1.',  J.P.  Johnson 
ATTN;  UM6.  R.F.  Glaser 
ATTN:  S33.i,  J.w.  Reed 

DLPARTME.Nr  01  pLFENSt  CONTRACTOR 

Boeing  Co 

ATTN:  M./n  TJ,'37,  R.  Carlson 
ATTN:  M/S  .ih/JO,  1. .  York 

Bot'  1  ng  tNi 

ATTN;  M/S  TL’.'.i/,  .S .  Friddel! 

California  Research  8,  Technology,  inc 
ATTN;  M.  Rosenhl  itt 

C'alifornia  Resf'.irch  A  Technulogv.  Ins 
ATTN:  D.  Orphal 
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DEfAyMENT  PL _DEfLNLE_.  CONTRACTORS  (Continued) 

Chrysler  Corp 

ATTN;  Mr.  Quackenbush 

University  of  Denver 

ATTN:  J.  Wisotski 

Donn  Corporation 

ATTN:  Mr.  Brown 

EG&G,  Inc 

ATTN;  R.  Ward 

Electromech ,  Sys  of  New  Mexico,  Inc 
ATTN:  R.  Shunk 

Eric  U.  Wany 

Civil  Engineering  fisch  Fac 

University  of  New  Mexico 
ATTN:  D,  Calhoun 
ATTN:  G.  Lane 

Futjro  National 

ATTN:  Mr.  Madsen 

General  Research  Corp 

Santa  Barbara  Division 

ATTN:  Dr.  Rohringer 

Georgia  Institute  of  Technology 

ATTN;  EES-Rail ,  Mr  Martin 

JAY  COR 

ATTN:  H.  Linnerud 

Ndiiian  Sciences  Corp 

ATTN:  Mr.  'Juke 
ATTN:  Mr.  Allen 

■■-anian  TEMPO 

ATTN;  DASIAC 
ATTN:  i,.  Gould 

kaiiian  TEMPO 

ATTN:  0.  Rerry 

•  I'l.nA'd  tnU  A'-.'Uk.  i  .1  f  t’-, ,  Ifh 
ATTN;  Mr.  Donegon 
ATTN:  Mr.  I  oil  ins 

Los  Alamos  Technical  Associates.  Iru. 

ATTN:  P.  Hughes 

Lovelace  Biomodical  Lnvi roniix'nL  Rsch  Institute,  In,; 
A'TN:  R.  Fletcher 
ATTN;  D.  Rich'conil 

McUininell  Oouylas  Lorp 
ATTN:  U.  Dean 

)kl,Uui':,a  MJ  Resicircn  Foundation 
ATTN;  Ur.  White 

I'JC  i  t  u -Sierra  Research  Corp 
ATTN:  H.  lirniie 

(Sin  AiiK'rii.in  world  Airways,  Inc 
ATTN:  A.  Montrose 


DEPARTMENT  OF  DEFENSE  CONTJlAapLS.  iPon t i  n ued ) 

Particle  Measuring  Systems,  Inc 
ATTN;  R.  Knollenberger 

Physics  International  Co 
ATTN;  F.  Sauer 

R  &  D  Associates 

ATTN;  A.  Kuhl 
ATTN:  R.  Port 
ATTN:  P.  Haas 

Science  Applications,  Inc 
ATTN;  J.  Cockayne 
ATTN;  B.  Chambers,  III 

SRI  International 

ATTN:  A.  Burns 

Systems,  Science  &  Software,  Inc 
ATTN:  D.  Grine 
ATTN:  K.  Pyatt 

Systems,  Science  i  Software,  Inc 
ATTN:  C.  Hastings 

Tech  Reps,  Inc 

ATTN:  B.  Collins 

TeleDyne  Brown  Engineering 
ATTN:  J.  Ravenscraft 
ATTN;  M.  Price 
ATTN;  Mr.  Snow 

TRW  Defense  A  Space  Sys  Group 
ATTN:  Mr.  Mazzoa 
ATTN;  G.  Teraoka 

.■iilliamson  Aircraft  Co 

All',;  Mr.  i  1 1  i 'iroon 


Boeing  Co 

ATTN:  Mr.  .Jones 

ruRIEGN  AGL.NCIES 

Admiralty  Surface  Weapons  Lslabl ishment 
ATTN:  Me.  Petherick 
ATTN;  K.  Felthaiii 

Atomii  .seapons  Research  Estahl  i  snment 
ATTN:  MOll-rt  ,  Mr.  Fuller 
ATTN;  MOU-PE,  Mr.  Levs 

Cundesministerium  De  Verteidigumj 
ATTN:  L.  ilentschel 
ATTN:  R.  Shill ino 

Defense  Research  Lstabl i shmen I 
ATTN;  R.  Heggie 
ATTN;  J.  Watson 

t  rues t-Ma  n- ! nst 1  lute 

ATTN;  M.  Reiciienhach 

1  of  IMS  true  tors tass  Per  Uundeswehr 
ATTN:  I  I  l.ol  1  aufmann 
ATTN;  Col  Roltgerkamp 
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F0M;XGN_  AGiNCJ ES_lC_o_n t ijyed 

National  Defense  Research  Institute 
ATTN:  H.  Axelsson 

Norwegian  Defense  Construction  Service 
ATTN:  A.  Skueltorp 


fore IGN  AGENCIES  J Copt inued) 

Royal  Fortification  Adn-inistration 
rack 

ATTN:  E.  Abrahanisson 
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